United States Patent [

Hu

DIELECTRIC COMPOSITIONS

Inventor: Yung-Haw Hu, Hockessin, Del.

Assignee: E. I. Du Pont de Nemours and
Company, Wilmington, Del.

Appl. No.: 423,367
Filed: Oct. 19, 1989

It L0 et tee e e eas C03C 16/08
ULS, Cle oot 501/9; 501/65:
501/69: 501/77
Field of Search ................... 501/9, 77, 65, 66, 68,
501/69; 156/89

References Cited

U.S. PATENT DOCUMENTS

4,413,061 1/1983 Kumar et al. i, 501/7
4,549,621 9/1985 Eggerding et al. ................. 428/209

(11] Patent Number: 5,070,046
451 Date of Patent: Dec. 3, 1991

4,655,864 4/1987 Rellick i 136/89
4,731,347 3/1988 S1eison .ccvverieiiiieeieeee e 501/21
4,749,665 6/1988 Yanoetal. ................. rerenes 501/32
4,788,046 11/1988 Barringer et al. ......... TUTRRS 423/87
4,861,646 8/1989 Barnnger etal. ..cooeeevnninene, 428/210
4,883,705 11/1989 Kawakamil ....oocooeiiiiamnnnnaene, 428/209

Primary Examiner—Willlam R. Dixon, Jr.
Assistant Examiner—Chris Gallo

1571 ABSTRACT

~A composition for making dielectric layers having low

dielectric constant, the composition comprising an ad-
mixture of finely divided solids comprising lead-free
amorphous borosilicate glass and cordierite glass. The
dielectric layers are useful in circuits, especially multi-
layers circuits for high density applications.

2{) Claims, 1 Drawing Sheet
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1
DIELECTRIC COMPOSITIONS

FIELD OF INVENTION

The invention relates to dielectric compositions, es-
pecially those which are useful in forming multilayer
CITCulls.

BACKGROUND OF THE INVENTION

Multilayer thick film circuits have been used for
many years to increase circuit {unctionality per unit of
area. Moreover, recent advances in circuit technology
have placed new demands on dielectric materials for
this use. Heretofore, most of the dielectric materials
used 1n multiple circuits have been conventional thick
film dielectric compositions. These are comprised of
finely divided particles of dielectric solids and inorganic
binders dispersed in an inert organic medium. Such
thick film matenials are usually applied by screen print-
ing, though they may be applied by other means as well.
Thick film materials of this type are very important and
will continue to be so.

In constructing a multilayer circuit using thick film
materials, 1t 1S necessary sequentially to print, dry and
fire each functional layer before the next layer is ap-
plied. Thus, in a typical situation involving multicircuits
haying, say, twenty layers, sixty separate processing
steps are required as well as twenty inspections to assure
the quality of each of the processed layers. Such a com-
plex process 1s, of course, expensive both because of the
great number of steps and because of the high yield
losses which are normally incident to such a complex
procedure.

Another approach to this problem has been the use of

~dielectnic tapes which are thin sheet of ceramic dielec-
tric material, such as alumina. The tape process involves
lamination of a number of sheets of unfired tape (usually
alumina) interspersed with alternating printed layers of
conductive material. However, very high temperatures
(e.g. on the order of 1600° C.) are required to sinter the
alumina. Thus, only very high melting conductive ma-
terials such as tungsten and molybdenum can be used.
Unfortunately, moilybdenum and tungsten have poor
conductivity properties which make them less satisfac-
tory for very high speed, highly complex circuitry.

Recently, low temperature co-fired (LCTF) technol-
ogy has been introduced as a method for fabricating
multilayer circuits. This technology offers the combina-
tion of the processing advantages of the alumina-based
tape technology plus the materials advantages of thick
film technology. The LTCF tape systems have firing
temperatures below 1000° C. and allow the use of high
conductivity metals such as silver, gold, platinum,
nmickel and copper. .

However, these tapes do have certain disadvantages.
Most dielectric tape systems have problems with exces-
stve movement of conductor patterns when the parts
are fired more than once. In general, the multilayer
structure 1s laminated together, fired and then a surface
metallization is applied and the part is fired again. Dur-
ing this second firing step, the fluidity of the ceramic
material may allow shifting or distortion of the conduc-
tor patterns. This, in turn, prevents attainment of the
rigid tolerances for dimensions that have to be met. In
addition, many of the tape systems have dielectric con-
stants (K} between 6 and 8 which result in unacceptably
high propagation delays in multilayer interconnect sys-
tems. Some tape systems suffer from high dielectric loss.
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2
And some tape systems have thermal coefficients of
expansion (TCE) which do not match the TCE’s of
components or other substrates.

From the foregoing, it can be seen that there 1S a
substantial need for a low temperature co-fireable tape
dielectric which (1) retains dimensional stability even
during multiple firing steps; (2) has a low dielectric
constant (less than 3); (3) has low dielectric loss; and (4)
has a variable TCE so that the TCE can be matched to
the components or to other substrates.

SUMMARY OF THE INVENTION

In its pnmary aspect, the invention is directed to a
composition for making low K dielectric layers com-
prising an admixture of finely divided solids comprising:

(a) 20-50% by weight, basis total solids, lead-iree
amorphous borosilicate glass (1) in which the weight
ratio of B,0Oj; to Si10; 15 0.22-0.55, and (2) containing,
basis total glass, 0.53-1.5% by weight Al-O; and
1.5-4.09% by weight of a mixture of oxides of alkali
metals, alkaline earth metals or mixtures thereof,
0.3-1.0% weight, basis total solids, being Li;0: and

(b) 30-80% by weight, basis total solids, cordierite
glass.

In a second aspect, the invention 1s directed to a tape
casting composition comprising the above-described

dielectric composition dispersed in a solution of bin-
der/plasticizer mairix in a volatile nonaqueous solvent.

In a third aspect, the invention i1s directed to a method
of forming unfired tape by casting a thin layer of the
above described dispersion onto a flexible substrate.
such as a steel belt or polymeric film, and heating the
cast layer to remove the volatile solvent therefrom.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 shows scanning electron micrographs of fired
parts in which the solids content of the dielectric sheets,
based on the weight of the total solids, was (a) 80%
glass, 10% alumina, 10% quartz; (b) 60% glass, 209%
cordierite glass, 109% alumina, 109 quartz; and (¢) 30%
glass, 50% cordiente glass, 10% alumina, 109 quarnz.

DETAILED DESCRIPTION OF THE
INVENTION

A. Glass

The glass compositions which can be used 1n the
Invention are amorphous borosilicate glasses containing
0.5-1.5% by weight alumina and 1.5-4.09% by weight
alkalt metal oxides and/or alkaline earth metal oxides.
The borosilicate component of the glass must be within
the range of 94.5-58.3% by weight of the glass. If less
than 94.5% by weight borosilicate 1s used, the glass
becomes too electroconductive and the dissipation fac-
tor (DF) becomes too high. On the other hand, if the
borosilicate content is higher than 98.39% by weight, the
sintering temperature of the glass exceeds practical
firing temperatures. The weight ratio or B20Oj3 to SiO>
should be within the range 0£0.22 t0 0.55 and preferably
0.25 to 0.40. It 1s preferred that the glass be capable of
viscous phase sintering at 850°-950° C. A particularly
preferred glass composition has the composition by
weight 72% S10,, 25% B20O3, 1% AlLO3, 19% XK,0,
0.59% Na»>O and 0.59% 1.1,0.

It 1s required to have from 1.5 to 4.0% by weight
oxides of alkali and/or alkaline earth metals or mixtures
thereof which contain 0.3 to 1.09% by weight Li;0. At
least 1.5% by weight of such metal oxides are needed to
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obtain the proper low viscosity of the glass during fir-
ing. However, if more than 4.09% by weight is used, the
conductivity of the sintered composition 1s likely to be
too high. In order to minimize the amount of alkaline
1ons in the glass, it i1s preferred that the glass contain 5
0.3-1.0% by weight 11O by which the lowest useful
sintering viscosity can be obtained with the least
amount of alkaline ions, 1.e., alkali metal and alkaline
metal earth ions. In addition, the amount of other alkali
metal oxides (Na;O, K,0) should be kept below 3.0% 10
by weight.

When ceramic fillers are used, a small amount of
alumina 1s needed in the glass to reduce dissolution of
the ceramic fillers into the glass when it 1s fired. At least
0.5% by weight alumina is needed for this purpose. 15
However, if more than 1.5% by weight is used, the
viscosity of the glass becomes excessive and wetting
and sintering properties are affected adversely. In addi-
tion, the above-described glasses should contain essen-
tially no Bi, Pb or other large polarizable ions which 20
adversely affect the dielectric constant.

The glass should be present in the amount of 20-509%
by weilght, basis total solids, and preferably 30-40% by
weight. The strength of the fired layers decreases as the
glass concentration increases. Above about 50% by 25
weight glass the structure tends to become too brittle
and the properties of the associated conductive layers
also tend to be degraded. On the other hand, if the
amount of glass is less than 20% by weight, the fired
structure 1s not sufficiently densified and is too porous. 30

The glass should be present as finely divided parti-
cies. The particle size, although not critical, 1s generally
less than 25 microns. The preferred particle size is 4 to
6 microns at the 50% point on the distribution curve.

The glasses can be prepared by conventional glass- 35
making techniques by mixing the desired components in
the desired proportions and heating the mixture to form
a melt. Asis well known 1n the art, heating is conducted
to a peak temperature and for a time such that the melt
becomes entirely liquid and homogeneous. In the pres- 40
ent work, this time period of about 1 to 1.5 hours. The
melt 1s then quenched. The resulting crude frit is then
milled to the desired particie size.

After discharging the milled-frit slurry from the mill,
excess solvent 1s removed by decantation and the frit 45
powder is air dried at room temperature. The dried
powder is then filtered through a screen with openings
the size of the largest desired particle to remove any
large particles.

. 50
B. Cordierite

In order to achieve dimensional stability it is impor-
tant that the second component of the composition be a
material that is crystalline after firing. In crystallization,
pervasive rigid networks of micron-sized crystallites are 55
formed and this drastically reduces the overall fluidity
of the material. However, the the proper sequence of
events must take place during the firing process. The
combination of glasses must remain in the melt phase
while all of the organic binder is being burned off; next 60
the glass must sinter; and finally it must crystallize. If
crystallization occurs first, the resultant part has voids
which lower the strength of the part. If sintering occurs
first, binder is trapped in the tape which adversely af-
fects the dielectric properties. In addition, the crytalliz- 65
ing glass must not react with the borosilicate glass de-
scribed above. It is unusual to find glasses that melt
together but do not react.

4

It 1s surprising to find that cordierite glass satisfies all
of the above criteria. Cordierite, 2ZMgQ.2A1,03.55103,
1s a glass which is amorphous at low temperatures, but
crystalline after being exposed to high temperatures. It
does not react with the borosilicate glass described
above at firing temperatures. Combinations of the boro-
silicate glass and cordierite remain in the melt phase
during organic burnout, then sinter and crystallize.

The cordierite should be present in an amount from
30-80% by weight based on total inorganic solids, and
preferably from 45-55% by weight. If less than about
30% by weight cordierite is used, there is not sufficient
crystallinity to achieve dimensional stability through
multiple finings. If more than about 80% by weight
cordierite 1s used the density of the fired material will be
too low and the sheet too porous. In addition, the TCE
1s very low when the level of cordierite is very high.

The cordierite should be present as finely divided
particles. None of the particles should exceed 15 mi-
crons in size and preferably they should not exceed 10
microns. It is preferred that the 509 point on the parti-
cle size distribution curve be not less than | micron and
preferably in the range of 2-5 microns.

C. Ceramic Filler

Ceramic fillers may be added to the compositions of
the invention in order to adjust the TCE. This may be
done in order to match the TCE of the dielectric mate-
rial with that of components or other substrates. The
ceramic filler which may be used in the compositions of
the invention may be selected from the group consisting
of alumina, quartz, aluminum phosphate, aluminum
nitride, boron nitride, fused silica and mixtures thereof.
A preferred ceramic filler 1s quartz.

The ceramic filler may be present in an amount up to
40% by weight based on total inorganic solids. Prefera-
bly, 1t 1s present in an amount from 10-25% by weight.
The ceramic filler should be present as finely divided
particies. None of the particles should exceed 15 mi-
crons in size and preferably they should not exceed 10
microns. It is preferred that the 50% point on the parti-
cle size distribution curve be not less than 1 micron and
preferably in the range of 2-5 microns.

D. Organic Medium

The organic medium in which the glass and inorganic
solids are dispersed is comprised of a polymeric bin-
der/plasticizer matrix which is dissolved in a volatile
organic solvent and, optionally, other dissolved materi-
als such as release agents, dispersing agents, stripping
agents, antifouling agents and wetting agents.

To obtain better binding efficiency, it is preferred that
the weight ratio of inorganic solids to polymer be at
léast 4:1 and no greater than 18:1. Within these limits, it
1s desirable to use the least possible amount of binder in
order to reduce the amount of organics which must be
removed by pyrolysis and to obtain better particle pack-
ing which gives reduced shrinkage upon firing.

In the past, various polymeric materials have been
employed as the binder for green tapes, e.g., poly(vinyl
butyral), poly(vinyl acetate), poly(vinyl alcohol), cellu-
losic polymers such as methyl cellulose, ethyl cellulose,
hydroxyethyl cellulose, methylhydroxyethyl cellulose,
atactic polypropylene, polyethylene, silicon polymers
such as poly(methyl siloxane), poly(methylphenyl silox-
ane), polystyrene, butadiene/styrene copolymer, poly(-
vinyl pyrollidone), polyamides, high molecular weight
polyethers, copolymers of ethylene oxide and propy-
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lene oxide. polyacrylamides, and various acrylic poly-
mers such as sodium polyacrylate, poly(lower alkyl
acrylates), poly(lower alkyl methacrylates), and various
copolymers and multipolymers of lower alkyl acrylates
and methacrylates. Copolymers of ethyl methacrylate 3
and methyl acrylate and terpolymers of ethyl acrylate,
methyl methacrylate and methacrylic acid have been
previously used as binders for slip casting matenals.

A preferred class of polymeric binders for making a
tape from the composition of the invention are those 10
disclosed 1in Usala, in U.S. Pat. No. 4,613,648, These
polymeric binders are a mixture of compatible mul-
tipolymers of 0-100% by weight C;_g alkyl methacry-
late, 100-0% by weight Ci_galkyl acrylate and 0-5% by
weight ethylenically unsaturated carboxylic acid or 15
amine, the multipolymer being further characterized as
having a number average molecular weight (M,) of
50,000 to 100,000, a weight average molecular weight
(M.} of 150,000 to 350,000, the ratio of M, to M, being
no greater than 5.5, the total amount of unsaturated 20
carboxvlic acid or amine in the multipolymer mixture is
0.2-2.09% by weight, and the glass transition tempera-
ture (Ig) of the polymer and plasticizer therein, it any,

~ is —30to +45 C.

In addition to the polymeric binder, the organic ma- 25
trix will also contain a small amount, relative to the
binder polymer, of a plasticizer which serves 10 lower
the T, of the binder polymer. The choice of plasticizers
is, of course, determined prnimarily by the polymer
which must be modified. Among the plasticizers which 30
have been used in various binder systems are diethyl
phthalate, dibutyl phthalate, dioctyl phthalate, butyl
benzyl phthalate, alkyl phosphates, polyalkyliene gly-
cols, glycerol, poly(ethylene oxides), hydroxyethylated
alkyl phenol, dialkyldithiophosphonate and poly(isobu- 35
tylene). Of these, butyl benzyl phthalate 1s most fre-
quentiy used in acrylic polymer systems because it can
be used effectively in relatively small concentrations.

For casting solutions, the solvent component of the
organic medium is chosen so as toc obtain complete 40
solution therein of the polymer and sutficiently high
volatility to enable the solvent to be evaporated from
the dispersion by the application of relatively low levels
of heat at atmospheric pressure. In addition, the solvent
must boil well below the boiling point and decomposi- 45
tion temperature of any other additives contained in the
organic medium. Thus, solvents having atmospheric
boiling points below 150 C. are used most {frequently.
Such solvents include benzene, acetone, xylene, metha-
nol, ethanol, methyl ethyl ketone, 1,1,1-trichioroethane, 50
tetrachloroethylene, amyl acetate, 2,2,4-triethyipen-
tanediol-1,3-monoisobutyrate, toluene, methylene chlo-
ride, 2-propanol and trichlorotrifluoroethane.

E. Application 55

The tape 1s used primarily as a dielectric or insulating
material for multilayer electronic circuits. A roll of
unfired tape 1s blanked with registration holes in each
corner to a size somewhat larger than the actual dimen- -
sions of the circuit. To connect various layers of the 60
multilayer circuit, via holes are formed in the tape. This
1s typically done by mechanical punching. However, a
sharply focused laser can be used to volatilize the un-
fired tape. Typical via hole sizes range from 0.0006 to
0.25 inch. The interconnections between layers are 65
formed by filling the via holes with a thick film electri-
cally functional paste. This paste is usually applied by
standard screen printing techniques. Each layer of cir-

6

cuitry is completed by screen printing electrically func-
tional tracks. Conductor, resistor, or high dielectric
capacitor pastes can be printed on each layer to form
conductive, resistive Or capacitive circuit elements re-
spectively. Also, specially formulated high dielectric
constant tapes similar to those used in the multiiayer
capacitor industry can be incorporated as part of the
multilayer circuitry.

After each layer of the circuit is completed, the indi-
vidual layers are stacked and laminated. A confined
pressing die is used to insure precise alignment between
layers. The laminates are trimmed with a hot stage
cutter.

Firing 1s carried out in a standard thick film conveyor
belt furnace. Unlike many such dielectric compositions,
those of the invention may be fired in oxidizing atmo-
spheres such as air, in non-oxidizing atmospheres such
as nitrogen, or in reducing atmospheres such as forming
gas or CO/CO0O;. The choice of finng atmosphere will
usually be dictated by the oxidation stability of the
conductive metal under firing conditions. When copper
1s used as the conductive metal it 1S necessary to use
atmospheres which are slightly reducing in nature. It 1s
preferred to use an atmosphere of CO and CO» with
water vapor as described 1n allowed copending applica-
tion Ser. No. 07/235,273, filed Sept. 23, 1988, by Mc-
Ewen et al.

EXAMPLES

Casting solutions were formulated by dispersing the
below-listed inorganic solids in solvent/polymer blends
in a high speed dispersion mixer, a Waring blender. The
dispersions were achieved by mixing for 10 minutes
using the highest setting on the blender. The viscosity
of solutions was measured on a Brookfield RVT vis-
cometer using a spindle No. 5 at 20 rpm. Viscosities of
the casting solutions ranged from 0.9 to 4.5 PaS. The
solutions were formed nto a tape by casting onto a
silicone-coated polvester film at 60 C. The thickness of
the cast tapes varied between 4.1 and 10 muls. The cast
green sheets were blanked to the required dimensions in
a blanking tool. Via holes were formed through blanked
sheets using a punching machine with a punch and die.
If an electrically functional layer was desired, a conduc-
tive copper oxide paste (80% copper oxide in ethyl
cellulose) was screen printed onto the sheet. The screen
printed sheets were then dried in an oven at 110° C. for
10 minutes. The printing conditions were selected so as
to give a 15 micron thick layer using a 200 mesh screen.
Sampies were fabricated into a substrate geometry by
laminating eight sheets together by means of a confined
pressing die operated at 70° C. for 20 minutes under
3000 psi. The confined die prevents lateral distortion
during pressing. Density in homogeneities in the lami-
nated samples influence the shrinkage in the sintered
substrate. Therefore, the lamination process should be
homogeneously carried out by means of the correct die
and punch with a flat surface.

For parts without copper metallization the following
firing sequence was used: the unfired laminate was pre-
heated at a rate of 1° to 2° C./min. in air and held at 500°
. tor 3 to 6 hours to remove organic binders. After
binder burn out, the rate of heating was increased to
about 5° to 10° C./min., and the temperature held at
030°-950° C. (the crystallization temperature of cordier-
ite glass) for 2 hours 1n nitrogen atmosphere. The fired
parts were furnace cooled to room temperature.
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The parts with copper metallization were fired with
the following sequence: the unfired laminate was pre-
heated at a rate of 1° to 2° C./min. to 500° C. and held
there for 3 to 6 hours 1n air. After complete removal of
the organic binders, the atmosphere was changed to 1% 5
CO in CO;2 with about 3% water vapor and held at
450°-500° C. for 6 to 8 hours to effect complete reduc-
tion to copper metal. The atmosphere was then changed
to nitrogen and the heating rate increased to 5°-10°
C./min. to a peak temperature of 930-950 C. The tem-
perature was held there for 2 hours and then the parts
were furnace cooled to room temperature.

The glass used in the following examples corre-
sponded to the preferred glass composition described
hereinabove. The binder/plasticizer matrices used in
the following examples corresponded to those of Usala,
U.S. Pat. No. 4,613,648, described hereinabove. The
solvent used i the following examples contained the
following components in the ranges indicated:

10

15

20

1.1.1-Tnichloroethane

Methylene Chioride

Methyl Ethyl Ketone

Isopropanol
I,1.2-Trichioro-1,2,2-trifluoroethane

70-85%¢ by weight
2-79%
4+11%
2-6%

4-10%% 25

EXAMPLES 1-4

These examples demonstrate the effect of cordierite
glass on the dimensional stability of fired parts.

Casting solutions were formulated using 52.009% by
weight solids, 6.06% by weight polymer and 41.949 by
weight solvent. The weight percent of cordierite glass
in the solids was varied as shown in the table below.
The parts were made by cofiring eight layers of dielec-
tric tape which contained three buried copper layers as
described above. A surface metallization layer of cop-
per oxide paste was screen printed onto the fired multi-
layer substrate and then postfired using the same condi-
tions. The dimensional stability of the fired parts was
measured by the shrinkage in the x,y plane of the lami-
nate, the flatness of the part, the morphologies of the
fired top surface and the conductor line and via posi-
tions on the top surface.

30

35

45

Example No. 1 2 3

Solids Composition (9% Weight
Glass

Cordierite Giass

Alumina

Quartz

Properties
K

TCE (ppm/C)
X,Y Shrinkage (%)
Flatness

80.00

10.00
10.00

60.00
20.00
10.00
10.00

30.00
50.00
10.00
10.00

50

4.6
5.0
24
edges
lifted
glassy

4.8
4.7
17
almost
flat
slightiy
glassy -
sitghtly
distorted

5.0

4.5
12
flat

55

Surface Morphology granular

Conductor/Via Position distorted aligned

60

Although the dielectric constant and the thermal
coefficient of expansion do not change significantly as
the amount of cordierite glass is increased, there is a 65
dramatic increase in dimensional stability. Only when
the cordierite glass is present in an amount above about
30% by weight is the dimensional stability adequate.

8

The effect of cordierite glass on the surface morphol-
ogy is also illustrated in FIG. 1. FIG. 1q is a scanning
electron micrograph of the surface of the part in Exam-
ple 1. It can be seen that the surface i1s coated with a
layer of glass. This surface glass coating makes the post
metallization process extremely difficult due to shifting
and covering of the metal by the glass. F1G. 156 is the
scanning electron micrograph of the part in Example 2.
Apgain, the glassy nature of the surface is apparent. FI1G.
1c 1s the scanning electron micrograph of the part in
Example 3 which illustrates the composition of the
invention. The fired surface is flat and has the desired
granular morphology.

EXAMPLES 4-12

The following examples illustrate the use of different
fillers in dielectric compositions of the present invention
and the vanation in properties that can be achieved
with these fillers.

Casting solutions were formulated with 54.91% by
weight solids, 6.34% by weight polymer and 38.75% by
weight solvent. The fillers used are listed below. The
sheets were fired without any copper metallization
using the conditions described above. The variations in
dielectric constant and thermal coefficient of expansion
are given below.

Example No. 4 5 6 7 g 9 10 11 12
Solids Composition

e Weight)

Glass 20 20 20 30 20 20 30 40 20
Cordierite Glass 60 60 S0 40 70 60 50 SO 70
Quartz 20 - 15 10 — 10 10 — —
Alumina — 20 15 20 — - —
AIN - = - - 1000 - - -
BN —_ - — = = —= 10 10 10
Properties

K ' 42 58 40 46 56 58 50 48 5.0
TCE 53 3.2 53 5.0° 25 40 45 3.0 3.0

What 1s claimed is:

1. A composition for making low K dielectric layers
comprising a dispersion of finely divided solids com-
prising:

(a) 20-30% by weight, basis total solids, lead-free
amorphous borosilicate glass (1) in which the
weight ratio of B203 to SiO? is 0.22-0.55, and (2)
containing, basis total borosilicate glass
94.5-98.3% by weight borosilicate, 0.5-1.5% by
weight AI203, and 1.5-4.0% by weight, of alkali
oxides of a mixture of alkali and alkaline earth
oxides wherein the Li?O content of total solids is
0.3-1.0% by weight;

(b) 30-80% by weight, basis total solids, cordierite
glass; and

(c) 0-40% by weight, basis total solids, of a ceramic
filler selected from the group consisting of alumina,
quartz, aluminum phosphate, aluminum nitride,
boron nitride, fused silica, and mixtures thereof.

2. The composition of claim 1 wherein the borosili-
cate glass (a) contains 0.9-3.0% by weight mixed Na>O
and KO, basis total glass.

3. The composition of claim 2 wherein the borosili-
cate glass (a) comprises on a weight basis, 72% SiQO»,
25% B120O3, 1% K10, 0.5% L1»0O and 0.5% Na,O.

4. The composition of claim 1 wherein component (¢)
comprises quartz.
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5. A tape casting composition comprising the compo-
sition of claim 1 dispersed in a solution of polymeric
binder/plasticizer matrix in a volatile organic solvent.

6. A tape casting composition comprising the compo-
sition of claim 3 dispersed in a solution of polymeric
binder/plasticizer matrix in a volatile organic solvent.

7. The tape casting composition of claim 5 wherein
the binder component is selected from the group con-
sisting of polymers of methyl methacrylate, ethyl meth-
acrylate, methyl acrylate and mixtures thereof.

8. The tape casting composition of claim 6 wherein
the binder component 1s selected from the group con-
sisting of polymers of methyl methacrylate, ethyl meth-
acrylate, methyl acrylate and mixtures thereof.

Y. A tape prepared by casting a thin layer of the com-
position of claim § on a flexible substrate, heating the
cast layer to remove volatile solvent therefrom and
removing the solvent-free layer from the substrate.

10. A tape prepared by casting a thin layer of the
composition of claim 7 on a flexible substrate, heating
the cast layer to remove volatile solvent therefrom and
removing the solvent-free layer from the substrate.

11. A tape prepared by casting a thin layer of the
composition of claim 8 on a flexible substrate, heating

10
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the cast layer to remove volatile solvent therefrom and
removing the solvent-free layer from the substrate.

12. A dielectric substrate comprising a fired layer of
the tape of claim 9.

13. A dielectric substrate comprising a fired laver of
the tape of claim 1.

14. A dielectric substrate comprising a fired layer of
the tape of claim 4.

15. An assemblage comprising the dielectric substrate
of claim 12 and an electrically functional layer.

16. An assemblage comprising the dielectric substrate
of claim 13 and an electrically functional laver.

17. An assemblage comprising the dielectric substrate
of claim 14 and an electrically functional layer.

18. A multilayer assemblage comprising a plurality of
electrically functional layers separated by fired layers of
the tape of claim 9.

19. A multilayer assemblage comprising a plurality of
electrically functional layers separated by fired lavers of
the tape.of claim 10,

20. A multilayer assemblage comprising a plurality of
electrically functional layers separated by fired lavers of

the tape of claim 11.
x * > x x
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